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[0001] This application is based on and hereby claims priority to PCT Application No. 
PCT/EP2004/051 949 filed on August 27, 2004 and German Application No. 10345511.6 filed on 
September 30, 2003, the contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] In radio communication systems, in particular in mobile radio networks, such as 
according to the UMTS standard (Universal Mobile Telecommunications System), the local 
position of a mobile radio communication device can be determined, in that one or more 
propagation times or propagation time differences of measuring signals between the base 
station in the location radio cell of the radio communication device which is to be located and/or 
between one or more base stations in adjacent radio cells to the location radio cell and the radio 
communication device which is to be respectively located are measured. The local position of 
the radio communication device which is to be located can be calculated from the measured 
measuring signal propagation times and the known position data of the base stations. This type 
of position determining is radio interface-based as the required signal measurements are carried 
out on the existing radio interface of the radio communication device which is to be respectively 
located. 

[0003] A known locating measuring method is, in particular, what is known as RTT 
measurement (Round Trip Time). This will be schematically described in terms of principle with 
reference to Fig. 2. In Fig. 2 the positions of three base stations BS1, BS2, BS3 are each shown 
by a circle. These base stations receive radio measuring signals MS1, MS2, MS3 via the radio 
interface of a radio communication device which is to be located and which is situated at the 
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position P01. The respective base station BS1, BS2, BS3 can determine its respective distance 
from the radio communication device which is to be located from the propagation time of the 
respective measuring signal MS1, MS2, MS3. The propagation time of the respective measuring 
signal may be determined, for example, by forming the time difference between the starting time 
and receiving time of the measuring signal in the respective base station. The starting time of 
the respective measuring signal can in this case be sent with the measuring signal as a 
parameter, so it is made known to the base station. The determined difference between the 
starting time and the receiving time of the respective measuring signal corresponds to a range 
circle around the respective base station which shows the possible local position of the radio 
communication device which is to be located. In the case of the three propagation time 
measurements in Fig. 2, three range circles RTT1, RTT2, RTT3 result with a common point of 
intersection which indicates the local position P01 of the radio communication device which is 
to be located. 

[0004] A further measuring method is what is known as the OTDOA method (Observed Time 
Difference of Arrival). In this case the propagation time difference of two measuring signals, 
which are emitted by at least two adjacent base stations, is determined in the radio 
communication device which is to be located. As the local positions of the base stations is 
known, a hyperboloid may be established from the measured propagation time difference as a 
local curve of constant distance from the two known local positions of the two base stations. At 
least two propagation time difference measurements are preferably carried out in this case. This 
is shown in Fig. 3 where the difference between the propagation times of measuring signals 
MS1*. MS2*, which are sent by the two base stations BS1 , BS2, are measured with the aid of 
the radio communication device which is to be located. This first propagation time 
measurement, together with the known local position of the two base stations BS1, BS2, 
produces a first hyperboloid HYP12 as a possible location of the radio communication device. 
The difference between the propagation time of the measuring signals MS1*, MS3* of the two 
base stations BS1 , BS3 is measured in a corresponding manner and together with the known 
local positions of these two base stations BS1, BS3 a second hyperboloid HYP13 is determined. 
With the aid of the measuring signal MS3* a further range circle RTT3 is determined using the 
RTT method. Thus a clear point of intersection results for the three location measuring curves 
HYP12, HYP13, RTT3 and thus the location P01 of the radio communication device which is to 
be located. 
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[0005] In the case of these known radio interface-based position determinations, the accuracy 
of the calculated position depends on a large number of factors. However, in principle, the 
following tends to apply: the more range circles (a range circle is defined by a known local 
position and a signal propagation time, see Fig. 2) and/or hyperboloids (a hyperboloid is defined 
by two local positions and the difference between two signal propagation times, see Fig. 3) 
there are available for calculating the position of the radio communication device which is to be 
respectively located, the more accurate the position thereof can be ascertained. 

SUMMARY OF THE INVENTION 

[0006] One possible object of the invention is to provide a further improved position determining 
method for a mobile radio communication device which is to be located. The inventors propose 
the following method: for determining the local position of at least one mobile radio 
communication device which is to be located, in at least one radio cell of a radio communication 
system at least one further mobile radio communication device, which is situated in the same 
radio cell or in a different radio cell as the radio communication device to be located and the 
current local position of which is known to the device itself or to the radio network of the radio 
communication system, transmits position information by one or more radio information signals 
via a direct radio connection to the radio communication device which is to be located, or via an 
indirect radio connection with the aid of the radio network to the radio communication device 
which is to be located. 

[0007] As a result of the fact that position information is transmitted by one or more radio 
information signals from at least one further mobile radio communication device via a direct 
radio connection to the radio communication device which is to be respectively located, or via 
an indirect radio connection with interconnection of the radio network, a local determination can 
be carried out for the radio communication device which is to be located on the basis of this 
alone. The transmitted position information can advantageously also be incorporated at least as 
additional information in the determination of the local position on the basis of other measuring 
methods, such as by the RTT measuring method, the OTTOA measuring method and/or GPS 
(Global Positioning System) measuring method. The current location of the radio 
communication device which is to be respectively located may thus be determined in an 
improved manner. In other words, external mobile radio communication devices, of which the 
location is respectively known, are used to obtain position information about the local reference 
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or the local relation between the radio communication device which is to be located and these 
further mobile radio communication devices. It is also advantageous that the method is 
associated with a low energy requirement. The drawbacks of the IDPL-OTDOA methods (radio 
delays) can be avoided by using this method. 

[0008] The inventors also propose a radio communication device comprising at least one 
inquiry unit for requesting position information from at least one further mobile radio 
communication device which is situated in the same radio cell or in a different radio cell of a 
radio communication system and the current local position of which is known to the device itself 
or to the radio network of the radio communication system, and comprising a receiving unit for 
receiving and evaluating one or more radio information signals which are transmitted by the at 
least one further mobile radio communication device with position information via a direct radio 
connection to the radio communication device which is to be located or via an indirect radio 
connection with the aid of the radio network to the radio communication device which is to be 
located. 

[0009] A radio communication system may include at least one radio communication device 
according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present invention will become more apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings of which: 

Fig. 1 shows, in a schematic diagram, a radio communication system comprising a large 
number of radio cells in which mobile radio communication devices are situated, wherein 
between a group of radio communication devices, of which the local positions are known, and a 
radio communication device which is to be located, one or more radio information signals 
containing position information are exchanged according to different variants of the proposed 
method, 

Fig. 2 shows, in a schematic diagram, three base stations for which, according to the 
RTT method, three range circles for determining the position of a radio communication device 
which is to be located are drawn in, 

Fig. 3 shows, in a schematic diagram, an RTT range circle for a base station and two 
hyperboloids on the basis of two propagation time difference measurements of measuring 
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signals of two pairs of base stations as a combination of RTT measuring methods and OTDOA 
measuring methods, of which the common point of intersection indicates the sought local 
position of a radio communication device which is to be located, 

Fig. 4 shows, in a schematic diagram, radio signal transmissions on the radio interface 
between the mobile radio communication device which is to be located according to Fig. 1 and a 
further mobile radio communication device, of which the local position is already known, 
according to a first variant of the proposed method, and 

Fig. 5 shows, in a schematic diagram, radio signal transmissions on the radio interfaces 
between the mobile radio communication device which is to be located according to Fig. 1 and 
two further mobile radio communication devices, of which the local positions are known, 
according to a second variant of the proposed method. 

Elements with the same function and mode of operation are provided with the same 
reference numerals in each case in Fig. 1 to 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0010] Reference will now be made in detail to the preferred embodiments of the present 
invention, examples of which are illustrated in the accompanying drawings, wherein like 
reference numerals refer to like elements throughout. 

[0011] Fig. 1 shows, in a schematic diagram, a plurality of radio cells CE1 through CE3 of a 
radio communication system FC, which operates, for example, according to the UMTS 
standard. These radio cells CE1 through CE3 are each fixed by base stations BS1 through BS3. 
In this case the base stations BS1 through BS3 form the coupling points into and the decoupling 
points from the radio network NET of the radio communication system. These transmission 
connections between the base stations BS1 through BS3 and the radio network NET are in 
each case indicated in Fig. 1 by dot-dash lines VE. Mobile radio communication devices are 
situated in the radio cells CE1 through CE3. For example the radio communication devices 
UE1, UE2, UE3 and UE7 are instantaneously located in the first radio cell CE1. The two radio 
communication devices UE4, UE5 and the third radio cell CE3 are associated with the adjacent 
radio cell CE2, and the radio communication device UE6 with the third radio cell CE3. The base 
stations BS1 through BS3 and their associated radio cells CE1 through CE3 are representative 
in this case of a large number of further base stations and the fixed radio cells thereof of the 
radio communication system FC. 
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[0012] In order to determine the local position P01 of the radio communication device UEI for 
example, one or more further mobile radio communication devices, of which the local positions 
are known, can be used in addition to or independently of known position determining methods, 
such as according to the RTT measuring methods, the OTDOA measuring methods and/or the 
GPS measuring methods, to obtain position information about the location of the radio 
communication device UE1 which is to be located. In the exemplary embodiment of Fig. 1 the 
locations of the two radio communication devices UE2, UE3, which are situated in the same 
radio cell CE1 in the vicinity of the radio communication device UE1 which is to be located, are 
known in advance. The two mobile radio communication devices UE2, UE3 know their local 
position, for example because a GPS module (Global Positioning System) is in each case 
integrated therein. The three radio communication devices UE1, UE2, UE3 are preferably 
constructed in such a way that they can communicate directly with each other via radio. Suitable 
transmission techniques for this are, for example, Bluetooth, WLAN or other direct transmission 
techniques still to be specified in the future, such as UMTS Direct Mode. In particular, the direct 
radio connection between the radio communication device UE1 which is to be located and the 
further mobile radio communication device UE2 (with known location) is designated in Fig. 1 by 
DM 2. Message signals can be directly transmitted in a corresponding manner, via a direct radio 
connection DM 3, between the radio communication device UE1 which is to be located and the 
further mobile radio communication device UE3 via the radio interface thereof. 

[0013] In addition to or independently of position information, such as location, signal 
propagation times, etc., which can be obtained by incorporation of the base station BS1 in the 
location radio cell of the radio communication device UE1 which is to be located and/or the base 
stations BS2, BS3 in one or more adjacent radio cells CE2, CE3, position information of further, 
i.e. external radio communication devices, such as UE2, UE3, which know their position, is now 
made use of in order to be able to determine position parameters about the relationship of the 
local position between the radio communication device which is to be located and one or more 
further radio communication devices with known locations. Here in the exemplary embodiment 
of Fig. 1, the two radio communication devices UE2, UE3 are situated in the relatively close 
vicinity of the radio communication device UE1 which is to be located. The respective direct 
radio connection DM 2, DM 3 can be established between the radio communication device UE1 
which is to be located and the further mobile radio communication devices UE2, UE3. The 
maximum distance these external mobile radio communication devices UE2, UE3 may be from 
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the radio communication device UE1 which is to be located, depends in this case on the 
respectively used radio transmission technology, such as Bluetooth, with which the direct 
connection is established in each case. 

[0014] The mobile radio communication device, such as UE1, which wants to determine its local 
position with the aid of the other radio communication devices, such as UE2, UE3, or at least 
wants to improve the accuracy of its position calculation, in a first step sends a general inquiry 
or request signal to its vicinity. This can take place, for example, via a broadcast radio channel, 
i.e. the request for cooperation in position determining is directed toward all radio 
communication devices in its vicinity and not to a specific radio communication device. An 
external mobile radio communication device, such as UE2, which receives this request signal, 
knows its own local position and is ready to help the inquiring radio communication device, can 
communicate to the inquiring radio communication device its readiness to participate in the 
position determining method which is to be carried out with the aid of a specific response or 
acknowledgement signal. In a second step the inquiring radio communication device can then 
request position information from the external radio communication devices with the known 
locations with the aid of a retrieval signal. These external devices thereupon send back 
corresponding position information in each case with the aid of at least one specific, i.e. 
individual, radio information signal or delivery signal. 

[0015] If external radio communication devices respond, with the received information range 
circles can advantageously be determined using the RTT measuring method, and/or 
hyperboloids using the OTDOA measuring method. These can be incorporated on their own or 
additionally into the calculation of the local position of the radio communication device which is 
to be located. 

[0016] Merely by using external radio communication devices it is thus possible to obtain 
position information for determining the position of the radio communication device which is to 
be respectively located. In the event that the position of the radio communication device which 
is to be located is determined using other measuring methods, such as the OTTOA or RTT 
methods, precise determination of the position may be achieved by using external radio 
communication devices of which the local position is known. This additional position information 
from further mobile radio communication devices, of which the locations are known, means that 
greater demands on the accuracy of the position determination can be met, as are used in the 
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U.S.A. for example in the strict FCC requirements or demands (FCC = Federal Communications 
Commission). The local position of the radio communication device which is to be located may 
be determined with improved accuracy by combination with the already known location 
determination methods, such as according to the OTTOA and/or RTT methods. In particular, this 
increases the acceptance of the proposed method in the UMTS standard as the OTTOA 
methods and/or RTT methods are already codified there. 

Example 1: 

[0017] Firstly the radio communication device UE1 which is to be located of Fig. 1, which device 
wants to determine its local position with the aid of one or more external radio communication 
devices, sends a general inquiry signal AS12 via its radio interface directly to its vicinity. The 
inquiry signal AS12 is thus directed to all radio communication devices that may be situated 
there. The signal may, in particular, be emitted with the aid of what is known as a broadcast 
radio channel. With the aid of the request signal AS12 the radio communication device UE1 
which is to be located inquires whether there is potentially a further mobile radio communication 
device in its vicinity which knows its own position and is ready to provide position information to 
the radio communication device which is to be located, /.e. to participate or cooperate in a 
position determination for the radio communication device UE1. The further mobile radio 
communication device UE2 for example receives this request signal AS12. This and the further 
exchange of signals between the two radio communication devices UE1, UE2 is described with 
reference to the schematic intersection diagrams in Fig. 4. In the present exemplary 
embodiment the radio communication device UE2 knows its position P02 and, with the aid of an 
acknowledgment or response signal RAS12, communicates to the radio communication device 
UE1 which is to be located that it is ready to transmit position information. In the process it 
sends the response signal RAS12 via the direct radio connection DM 2 to the radio 
communication device UE1 which is to be located. 

[0018] The request signal AS12 can, in the UTMS standard, be called for example 
LCS_Help_REQ (). The associated acknowledgement signal RAS12 can, for example, have the 
name LCS_Help_RES (). 
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[0019] The acknowledgement message RAS12 does not yet contain the local position of the 
first external radio communication device UE2. 

[0020] If the inquiring radio communication device UE1 has received an acknowledgement 
signal RAS12 of this type from the external radio communication device UE2, it sends a retrieval 
signal IS12 directly to its vicinity via its radio interface. Using this retrieval signal IS12 it requests 
one or more parameters of the position information from the participating, external radio 
communication device UE2. This retrieval signal can, in the UTMS standard, have the name 
LCS_lnfo_Req() for example. 

[0021] In response to the request signal IS12 the first external radio communication device UE2 
transmits, with the aid of the radio information signal RIS12, the desired position information to 
the inquiring radio communication device UE1. In the UMTS standard it can preferably be called 
by the name LCSJnfo_RES. The radio information signal RIS12 in particular contains as the 
position information the time at which this information signal is sent by the respective external 
radio communication device, its local position and the period between the receiving time of the 
retrieval message for the position information and the sending time of the radio information 
signal for transmission of this position information in the external radio communication device. In 
the exemplary embodiment of Fig. 4 the parameters TS2, TES2 and P02 are transmitted in the 
radio information signal or delivery signal RIS12. The parameter TS2 denotes the absolute time 
at which the radio information signal RIS12 was sent from the first external radio communication 
device UE2 via the direct radio connection DM 2 to the inquiring radio communication device 
UE1 . The parameter TES2 indicates the period or idle time between receipt of the retrieval 
signal IS12 and subsequent sending of the radio information signal RIS12 in the first external 
radio communication device UE2. The parameter P02 denotes the instantaneous local position 
of the first external radio communication device UE2. 

[0022] To recapitulate, the following message signals are therefore exchanged between the 
inquiring communication device UE1 and the first further radio communication device UE2 on 
the radio interface thereof: 

[0023] AS12Q 

[0024] RAS12Q 
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[0025] IS12() 

[0026] RIS12 (TS2, TES2, P02), 

[0027] wherein the parameters, transmitted with the respective signal, for the position 
determination are in each case placed between the parentheses. Empty brackets mean that no 
parameters, which are used for position determination, are transmitted with the respective 
signal. It should be noted that the parameters shown in brackets in Fig. 4 for signals AS12 and 
IS 12 are components of further examples and will be described below in particular with 
reference to Examples 2 and 3. 

[0028] The transmitted parameters TS2, TES2, P02 in this case form the transmitted position 
information which allows the inquiring radio communication device UE1 to set its sought local 
position with reference to the known local position P02 of the radio communication device UE2. 

[0029] In a generalization of the transmission signals between a radio communication device 
UEi which is to be located and a further radio communication device UEj, of which the local 
position is known, the following notation may be introduced for the signals exchanged on the 
radio interface thereof. 

[0030] The radio communication device UEi which is to be located sends a general inquiry 
signal ASij to the further radio communication device UEj. This inquiry signal ASij clarifies 
whether the external radio communication device UEj is authorized at all to participate in the 
position determining method and/or is also disposed to do so. In the case of readiness to 
participate, the external radio communication device UEj sends an acknowledgement signal 
RASij back to the inquiring radio communication device UEi. This subsequently orders position 
information from the external radio communication device UEj with the aid of a request signal 
ISij. The external radio communication device thereupon transmits this position information, in 
the form of parameters TSj, TESj, POj, in a radio information signal RISij to the inquiring radio 
communication device UEi. The transmitted parameters have a meaning corresponding to the 
parameters TS2, TES2, P02 in the signal transmission between the radio communication 
devices UEi, Uej, which has been described above specifically for i=1 and j=2. 

[0031] On the basis of these transmitted position parameters the inquiring radio communication 
device can subsequently determine for each external radio communication device that responds 
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what is known as the "Round Trip Time" RTT in particular. This is the time difference between 
the sending time of the retrieval signal ISij in the inquiring radio communication device UEi and 
the receiving time there for the radio information signal RISij with the position parameters TSj, 
TESj, POj contained therein. The signal propagation time LZ for the outward path and the return 
path, which the request signal ISij and the radio information signal RISij cover, may thus be 
determined. 

[0032] Formula 1 : LZ = RTT-TESj 

[0033] The time parameter TESj denotes the difference between the receiving time of the 
retrieval signal ISij in the external radio communication device UEj and the sending time of the 
radio information signal RISij (containing the position parameters TSj, TESj, Poj) in the external 
radio communication device UEj. The distance between the demanding radio communication 
device UEi and the external radio communication device UEj can then be inferred on the basis 
of the signal propagation time LZ. For calculating the range circle typical for the RTT method it is 
not necessary in this case for the sending time TSj of the radio information signal RISij to be co- 
transmitted therein. Transmission of the position parameters TESj, POj is sufficient here. 

[0034] The retrieval signal ISij of the inquiring radio communication device UEi thus functions 
as a measuring signal which, in the case of the first external radio communication device UEj, 
triggers a response signal RISij that contains the measuring signal parameters, such as the 
sending time TSj thereof, the idle time TESj between reception of the request signal ISij and 
sending of the delivery signal RISij, as well as the indication of the known position POj of the 
further mobile radio communication device UEj. 

[0035] If more than one external radio communication device, for example two radio 
communication devices UEj, UEk, have responded to one and the same inquiry signal 
ASij=ASik, the inquiring radio communication device UEi can, in addition, determine for each 
pair of external radio communication devices, of which the position is known, the time difference 
TDIFF between the signal propagation times of their radio information signals RISij, RISik: 

[0036] Formula 2: TDIFF = | (TSk-TSj) -TEDIFF | 

[0037] In this case TDIFF is the period between the arrival times between the two radio 
information signals RISij and RISik of the two external radio communication devices UEj, UEk 
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and, more precisely, measured in the inquiring radio communication device UEi. It is always 
positive. The time parameter TSk denotes the starting time of the radio information signal RISik 
arriving second and the time parameter TSj denotes the start time of the radio information signal 
RISij arriving first. Using the OTTOA calculation method a corresponding hyperboloid can be 
established on the basis of the time difference TDIFF determined between the signal 
propagation times of the radio information signals of two respective external radio 
communication devices. Transmission of the parameters TESj, TESk is not necessary in this 
case. The respective idle time between arrival of the retrieval signal ISij, ISik and the sending 
time of the associated radio information RISij, RISik in the respective external radio 
communication device UEj, UEk is denoted in this case by TESj, TESk. 

[0038] Fig. 5 shows specifically the message flow between the inquiring radio communication 
device UE1 and the first external radio communication device UE2 corresponding to Fig. 4, and 
also between the inquiring radio communication device UE1 and the second external radio 
communication device UE2. The flow of signals between the inquiring radio communication 
device UE1 and the second additional radio communication device UE3 ensues in this case in 
accordance with the message flow in the intersection diagram of Fig. 4. Thus, in particular, the 
general inquiry signal AS13=AS1 2 of the inquiring radio communication device UE1 is received 
in an analogous manner by the second external radio communication device UE3. This inquiry 
signal inquires as to whether it is possible for the second external radio communication device 
UE3 to participate in the position determination. As a response signal to this inquiry signal AS13, 
the second external radio communication device transmits an acknowledgement signal RAS13. 
Only then does the radio communication device UE1 which is to be located demand with the aid 
of a retrieval signal IS13 position information from the second radio communication device UE3. 
With the aid of the radio information signal RIS13 the latter finally transmits a set PI3 of position 
parameters TS3, TES3, P03 to the inquiring radio communication device UE1 . With these two 
sets PI2, PI3 of position parameters it is then in particular possible to carry out an OTDOA 
calculation, as has been described above. 

[0039] Finally the inquiring radio communication device can advantageously allow all received 
and calculated position parameters to also be incorporated in its position calculation function. By 
applying the above formula 1, the parameters POj, RTT and TESj and the parameters POj and 
LZ in the process define a range circle according to the RTT method. After applying the above 
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formula 2, on the other hand, the parameters POj, POk and the parameter TDIFF define a 
hyperboloid according to the OTDOA method. 

Example 2: 

[0040] It can be expedient to establish a respective period for how much time external radio 
communication devices have to respond to an inquiry or a request signal, such as AS12. For 
example one second may be predetermined as the waiting time between the respective inquiry 
signal, such as AS12 in Fig. 4, and the associated response signal, such as RAS12, of the 
respective responding external radio communication device, such as UE2. An external radio 
communication device then no longer needs to respond after such a waiting time has expired, 
and the respective inquiring radio communication device, such as UE1, can continue with the 
next steps after such a period has expired. 

[0041] Alternatively such a waiting time can also be freely selected by the respective inquiring 
communication device. It can also co-give this waiting time as a parameter of the respective 
inquiry message, such as AS12, and retrieval message, such as IS12. The inquiry message 
AS12 and the retrieval message IS12 subsequently contain this waiting time as additional 
parameters TI1, TI2. In the exemplary embodiment of Fig. 4, this waiting time TI1 is set in 
brackets behind the inquiry signal AS12. The waiting time TI2 sits in brackets behind the 
retrieval signal IS 12 in a corresponding manner. The respective waiting time thus functions as 
the reaction time within which a response is allowed for the respective queried external radio 
communication device. Consequently, it is largely ensured that excessively long blocking of the 
direct radio connection between the participating radio communication devices is avoided. 

[0042] In the UMTS standard the respective inquiry signal can, in particular, have the name 
LCSJHELP_REQ(time1) and the respective retrieval signal the name LCS_INFO_REQ(time2). 
In this case the parameters timel and time2 correspond to the parameters TI1 and TI2. 

Example 3: 

[0043] It can possibly also be expedient to predetermine, in addition to or independently of the 
waiting time, a minimum accuracy, with which an external radio communication device can 
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indicate its position. If an external radio communication device cannot provide such a minimum 
accuracy with respect to its position information, it is not allowed a response signal from the 
start. This fixed minimum accuracy can be set, for example, at between 50 and 100 meters. 

[0044] As an alternative to such a fixed minimum accuracy, it can also be advantageous for the 
respective inquiring communication device, such as UE1, to freely select such a minimum 
accuracy for the respectively queried external radio communication device, such as UE2, and to 
co-send it as a parameter in the respective inquiry signal, such as AS12, to the respective 
queried external radio communication device, such as UE2. In the exemplary embodiment of 
Fig. 4, a minimum accuracy AC1 of this type is added to the query signal AS12 for the external 
radio communication device UE2. The retrieval signal IS12 correspondingly contains a minimum 
accuracy request AC2 for the external radio communication device UE2. 

[0045] Alternatively the time parameters, such as TI1 , TI2, as the waiting time for the response 
signals RAS12, RIS12, can be omitted here. 

[0046] So the inquiring radio communication device, like UE1 in this case, detects the accuracy 
of the position information of the respective external radio communication device, such as UE2 
in this case, it can possibly be expedient to include, in addition to or independently of the 
accuracy parameters in the inquiry signals, a corresponding accuracy parameter in the 
respective response signal. It is particularly advantageous to add accuracy information to the 
actual respective delivery signal or radio information signal, such as RIS12. The inquiring radio 
communication device UE1 can then take this additional information into consideration in its 
calculations. For example it is thus possible for the radio communication device UE1 to weight 
more accurate position information more strongly in its calculations. It is also possible for the 
radio communication device UE1 to only take into consideration the most accurate information 
in its position determinations if it receives a very large number of response signals from a large 
number of external radio communication devices. In general, the second response message, 
i.e. the radio information signal RISij, contains the parameters TSj, TESj, POj, ACj. ACj in this 
case designates the accuracy with which the other parameters are supplied. 

[0047] In the UMTS standard the respective inquiry signal can, in particular, have the name 
LCS_HELPJREQ(min_accuracy1, timel) and the respective retrieval signal the name 
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LCSJNFO_REQ(min_accuracy2, time2). In this case the parameters min_accuracy1 and 
min_accuracy2 correspond to the parameters AC1 , AC2. 

Example 4: 

[0048] In a modification to the preceding examples, the parameters, which have previously 
been transmitted in the second response signal, i.e. the actual delivery signal, are in this case 
already co-transmitted in the first response signal, i.e. the acknowledgement signal. The 
message flow between the inquiring and the responding radio communication device can in 
particular be selected as follows: 

[0049] ASij(ACi,Tli) 

[0050] RASij(TSj, POj, ACj) 

[0051] ISij(ACj, Tlj) 

[0052] RISij(TESj) or RISij(TESj,POj,ACj) 

[0053] If acknowledgement signals, such as RASij, RASik, are emitted by at least two external 
radio communication devices, such as Uej, Uek, a hyperboloid can be determined using the 
OTTOA method on the basis of these first response signals alone. 

[0054] At least one additional range circle can be calculated using the RTT method on the basis 
of a second response signal in the form of the delivery signal RISij. 

[0055] It may optionally also already be sufficient for the last two message signals Isij, RISij to 
no longer be exchanged at all. In the event that at least two external radio communication 
devices respond, an OTDOA calculation may namely be carried out with the first two messages 
Asij, RASij alone as the parameter TESj is not required for this purpose. An RTT calculation is 
not carried out in this case. 

[0056] As a generalization, all of the parameters exchanged between the inquiring radio 
communication device and the responding radio communication device can be distributed as 
desired among the two transmitted response messages. This can extend as far as all 
conceivable position parameters being transmitted with the two first messages already, namely 
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the inquiry signal ASij and the associated acknowledgement signal RASij. Parameters in the 
inquiry signal ASij are, in this case, the minimum accuracy ACi and the waiting time Tli, which 
are set as a condition by the inquiring radio communication device. Position parameters in the 
associated response signal RASij are the sending time TSj, the idle time TESj until sending of 
the response signal, the local position POj of the queried external radio communication device 
UEj and/or the accuracy with which the position can be given. 

[0057] In the UMTS standard a complete message flow between an inquiring and a responding 
radio communication device can, in particular, be designated as follows: 
LCS_HELP_REQ(min_accuracy, timel ) 

[0058] LCSJHELP_RES(timestamp, position, accuracy) 

[0059] LCS_INFO_REQ(min_accuracy, time2) 

[0060] LCSJNFO_RES(rx_tx_diff) or LCSJNFO_RES(rx_tx_diff, position, accuracy) 

[0061] In this case the parameter min_accuracy designates the requested accuracy, the 
parameter timestamp the sending time, position the position and the parameters timel , time2 
the waiting time. The parameter rx_tx_diff corresponds to the parameter TESij (= idle time). 

Example 5: 

[0062] In particular the last two message signals ISij, RISij can be transmitted in the UTMS 
standard with the aid of existing messages, such as "MEASUREMENT CONTROL" OR 
"MEASUREMENT CONTROL RESPONSE". These existing messages are expanded 
accordingly for this purpose. 

[0063] The local position of the radio communication device which is to be located can 
preferably be calculated in the radio communication device which is to be located itself with the 
aid of an evaluating and calculating unit on the basis of the transmitted position parameters. 
Alternatively, the calculation can also be determined in the radio network by a corresponding 
calculating unit. 
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Example 6: 

[0064] Position determination is now network-based in particular in this example, /. e. the 
position determination is carried out in the radio network NET. For this purpose the inquiry and 
response signals are correspondingly transmitted, in accordance with the preceding examples, 
between the inquiring radio communication device and at least one external radio 
communication device. Only now the inquiring radio communication device, such as UE1, after 
receiving the additional position information from the external radio communication devices, 
such as UE2, signals the received and calculated parameters to the network, such as NET, after 
the set waiting time such as TI2 has expired, as the position calculation function is 
accommodated in the network. For this purpose it transmits a corresponding signal via its radio 
interface to the base station BS1 in its instantaneous location radio cell. In the exemplary 
embodiment of Fig. 5 the inquiring radio communication device UE1 forwards the position 
parameters to the base station BS1 , which forwards them to at least one network component. 

[0065] For transmission via the radio interface, such as LS1, it can be expedient to define new 
message signals with corresponding parameters. These are preferably the parameters: 

[0066] LCS^Parameter (K, POj, RTT, TESj) or LCS_Parameter(K, POj, LZ) and 
LCS_Parameter(H, POj, POk, TDIFF), wherein the first parameter K or H indicates that these 
parameters define either a range circle K or a hyperboloid H. Of course it is also possible to 
define two different message separately from each other here. 

[0067] The radio communication device which is to be located and the external radio 
communication devices can, in particular, be mobile radio devices. Of course the position 
determination principle can also be transferred to other mobile terminal equipment. 

[0068] It can possibly be expedient to transmit the respective inquiry signal, the 
acknowledgement or readiness signal, the retrieval signal and the transmission signal for 
obtaining position information, by interconnecting the respectively appropriate base station and 
the components, coupled thereto, of the radio network between the radio communication device 
which is to be respectively located and the external radio communication device, instead of 
using the direct radio connection method. 
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[0069] The invention has been described in detail with particular reference to preferred 
embodiments thereof and examples, but it will be understood that variations and modifications 
can be effected within the spirit and scope of the invention covered by the claims which may 
include the phrase "at least one of A, B and C" as an alternative expression that means one or 
more of A, B and C may be used, contrary to the holding in Superguide v. DIRECTV, 
69 USPQ2d 1865 (Fed. Cir. 2004). 
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